SUMMARY Immunohistochemical techniques with monoclonal antibodies against cytomegalovirus (CMV) immediate early (IEA) and early antigens (EA), and in situ hybridisation, were used to detect CMV infection in routinely obtained, formaldehyde fixed and paraffin wax embedded tissues taken from bone marrow transplant patients, who had died from interstitial pneumonia. To improve the rates ofdetection ofCMV-IEA and EA the wax embedded material was pretreated with 0 4% pepsin/ HC1 at 37°C for 30 minutes. This pretreatment was also advantageous for in situ hybridisation. In the patients with histological evidence of CMV infection or positive viral culture from the lung tissue, or both, viral proteins and nucleic acids were detected in lung, as well as in other organs. Immunohistochemical techniques proved superior in heavily infected but necrotic tissues. In control patients (patients who had died from interstitial pneumonia without any evidence ofCMV, or with no interstitial pneumonia at all) in situ hybridisation showed no positive signal, while immunohistochemical techniques showed only a few positive cells in lung tissue of one of nine patients. In addition to CMV-DNA analysis, formaldehyde-fixed, paraffin wax embedded tissue is amenable to immunohistochemical analysis with CMV monoclonal antibodies.
The course of cytomegalovirus (CMV) infection in man is mainly asymptomatic' but can be extremely harmful when the immune system is immature or compromised as is the case in patients with acquired immune deficiency syndrome (AIDS) and in allograft recipients. 23 In patients who have undergone bone marrow transplantation interstitial pneumonitis is the most serious consequence of CMV infection. Mortality from this type of pneumonitis is about 60-80%." The pathogenesis of CMV interstitial pneumonitis is still obscure. To clarify the pathogenic process, therefore, it is necessary to document the infected cell type in relation to the overall histopathology. To confirm or exclude CMV as the causative agent of interstitial pneumonia, cytological examination of bronchoalveolar lavage fluid and histopathological examination of open lung biopsy specimens are important methods. Such histological examination is useful because CMV forms distinctive nuclear and cytoplasmic inclusion bodies but its sensitivity is low.6 Therefore, other rapid and sensitive Accepted for publication 12 January 1989 diagnostic methods are required. These include electron microscopy,7 in situ hybridisation,>'0 and viral antigen detection using monoclonal antibodies. This last technique is successful for use with frozen tissue sections,"12 direct examination of bronchoalveolar lavage fluid, '3 and In situ hybridisation procedures were performed according to Raap et al "' with the modification that pepsin'8 was used instead of proteinase K. Briefly, formaldehyde fixed, paraffin wax embedded tissue sections (5 pm) were mounted on polylysine coated coverslips and baked for one hour at 560C. After deparaffinisation in xylene the slides were treated with prewarmed 0 4% pepsin in 0-2N HCI for 30 minutes at 370C. Hereafter the slides were briefly washed in PBS, incubated for 15 minutes in 1% hydroxylammoniumchloride in PBS, and finally dehydrated in graded alcohol and air dried. The probe mixture (10 ng/pl) was dissolved in 50% formamide/5 x SSC, 25 mM Na2HPO4, and 250 yg/ml sonicated salmon sperm DNA, pH 6-8. This mixture was put on the tissue sections and target and probe DNA sequences were denatured at 80'C for 10 minutes. The slides were hybridised at 370C for 16 hours, washed several times with 2 x SSC (room temperature) followed by 0 1 x SSC at 50°C, and finally rinsed in 2 x SSC.
After blocking with 2% BSA in PBST at 37°C for 20 minutes the slides were treated with monoclonal antiacetylaminofluorene diluted 1/1000 in 2% BSA-PBST for 45 minutes at 37°C, washed in PBST, and incubated with rabbit anti-mouse IgG peroxidase diluted 1/100 in 2% BSA-PBST at 37°C for 45 minutes. Peroxidase activity was visualised by incubation for five minutes in 0-5 mg/ml diaminobenzidine (DAB, Sigma Chemicals, USA), 0-05% H202 in 50 mM Tris-HCl, pH 7 4, containing 0-01M imidazole, pH 7 4. Slides were briefly counterstained with Mayer's haematoxylin. When haemosiderin or other iron pigments were present in the tissue sections, Perls's Prussian Blue counterstaining was performed.
Results

LUNG SAMPLES
At light microscopical examination, lung tissue of patients ofgroup 1 showed interstitial pneumonia with a variable degree of severity. Alveolar septa were oedematous with foci of fibrinous exudation, extravasation oferythrocytes, and haemorrhage. Only sparse inflammatory infiltrates were present. Four patients showed hyalin membranes and in six (numerous) nuclear inclusion bodies typical of CMV infection were seen. In one patient (case 7 and 4a-b). This was particularly observed in the adrenal glands of cases 1 and 7.
The presence of iron pigments in the tissue sections makes it difficult to distinguish these pigments from the DAB precipitates. Therefore, the iron staining Perls's Prussian Blue in combination with haematoxylin was used as an alternative. This resulted in a very good distinction between the bright blue-stained iron pigments, the brown DAB precipitates, and the purple-blue haematoxylin.
The same organs of the patients in the two other groups were also investigated, but no positive results for CMV were obtained. investigated for patients of the two other groups. In most patients cells specifically changed by CMV were scattered in one or more other organs. Only in cases 2 and 6 did no other organ than the lungs show these cells. Case 7 had no typically changed cells in the lung tissue at necropsy although the adrenal gland showed some suspicious cells. In only one organ (small intestine of case 3) were foci of heavily infected cells observed in the section stained with haematoxylin and eosin. Both immunohistochemical techniques and in situ hybridisation detected positive cells in organs which had been interpreted as negative by histological examination. This was especially true of the adrenal glands, liver, splenic and kidney tissues which often became positive using these methods. In some sections results of in situ hybridisation and immunohistochemistry were not identical. This was observed when few CMV infected cells were present in the tissue sections examined, indicating that this discrepancy could be due to sampling error. . 7 .,, S. 
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group.bmj.com on April 12, 2017 -Published by http://jcp.bmj.com/ Downloaded from especially useful for analysis ofparaffin wax embedded material. Immunohistochemical procedures for the detection of CMV antigens in tissues have been successfully used on frozen tissue sections. Naoumov et al 9 and Nelson et al 20 used formaldehyde fixed, paraffin wax embedded tissue sections for in situ hybridisation and immunohistochemistry for CMV detection. The latter technique gave much less reliable results than in situ hybridisation, but tissue sections were not pretreated for immunohistochemical analysis. We used proteolytic enzymes successfully to unmask different kinds of antigens in formaldehyde fixed material,2'22 but until now, not for the detection of CMV antigens. The results obtained with immunohistochemistry and in situ hybridisation using this protocol proved similar in most cases.
The discrepancy between the results of antigen detection and in situ hybridisation in certain tissues (adrenal glands of cases 1 and 7) could have occurred for several reasons. Antigen detection might be more sensitive than in situ hybridisation as only a few DNA molecules can be the source of a large number of protein molecules for detection by immunological procedures. In our study we used a probe of 29 kilobase pairs from the entire CMV genome which is 237 kilobase pairs. Even when the entire genome was used, we were not able to show the presence of additional positive cells (data not shown). The most likely explanation for the discrepancy observed is that necrotic areas are full of lytic enzymes which degrade DNA, while proteins are more resistant, at least for some time. This could explain why antigen detection was still possible while in situ hybridisation is unable to detect CMV-DNA in tissues with lytic components.
With the in situ hybridisation and immunohistochemical techniques, CMV was detected in all patients who had died having been diagnosed as having CMV pneumonia. The relatively low prevalence of cells positive for CMV-DNA or antigen in lungs which had obviously been affected, supports the view that the presence ofreplicating virus or viral antigens could not fully explain the pathogenesis of the CMV interstitial pneumonia. It is well known that this type of pneumonia is associated with severe graft-versus-host disease.23 Indeed, in patients with autologous and syngeneic bone marrow transplantations CMV interstitial pneumonia is rare,24 although CMV infections occur frequently. Two of the patients described (cases 6 and 7) were treated with the anti-viral drug 9-[1, 3- dihydroxy-2-propoxymethyl] guanine (DHPG). In case 6 only a few cells were CMV positive at histological examination, immunohistochemistry, or in situ hybridisation, in spite of the severe lung disease. Case 7 was clearly positive for CMV in all three tests in a lung biopsy specimen but in necropsy material no evidence for CMV could be found. These observations agree with those of Shepp et al,25 who described that 90% ofpatients with CMV interstitial pneumonia died from their pulmonary complications in spite ofthe fact that administration of DHPG resulted in an almost complete reduction of CMV in their lung tissues.
In this study we have shown that immunohistochemistry and in situ hybridisation are useful for elucidating the role ofCMV infection in the pathogenesis of interstitial pneumonia, especially when tissues are examined before administration of antiviral drugs. For rapid diagnosis in routine pathology, we prefer the immunohistochemical method because results are obtained within four hours, and even in necrotic tissues, good results can be obtained.
